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Abstract

Background: Healthy aging (HA) is a contemporary challenge for population health worldwide. Electronic health
(e-Health) interventions have the potential to support empowerment and education of adults aged 50 and over.

Objectives: To summarize evidence on the effectiveness of e-Health interventions on HA and explore how specific
e-Health interventions and their characteristics effectively impact HA.

Methods: A systematic review was conducted based on the Cochrane Collaboration methods including any
experimental study design published in French, Dutch, Spanish, and English from 2000 to 2018.

Results: Fourteen studies comparing various e-Health interventions to multiple components controls were
included. The target population, type of interventions, and outcomes measured were very heterogeneous across
studies; thus, a meta-analysis was not possible. However, effect estimates indicate that e-Health interventions could
improve physical activity. Positive effects were also found for other healthy behaviors (e.g., healthy eating),
psychological outcomes (e.g., memory), and clinical parameters (e.g., blood pressure). Given the low certainty of the
evidence related to most outcomes, these results should be interpreted cautiously.

Conclusions: This systematic review found limited evidence supporting the effectiveness of e-Health interventions,

although the majority of studies show positive effects of these interventions for improving physical activity in older
adults. Thus, better quality evidence is needed regarding the effects of e-Health on the physiological, psychological,

and social dimensions of HA.
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Background

Prospect studies foresee a worldwide growth of people
aged over 60 years to at least 2 billion by 2050 [1]. More
people are living longer and want to stay active and
healthy to fully participate in life. However, decline in the
biological, physiological, and cognitive systems inherent to
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aging may limit full social, cultural, and intellectual en-
gagement in older persons [2]. Therefore, supportive strat-
egies are needed to warrant a good quality of life. Healthy
aging (HA) is defined as “the process of optimizing oppor-
tunities for physical, social and mental health to enable
older people to take an active part in society without dis-
crimination and to enjoy an independent and good quality
of life” [3]. HA includes an active engagement with life,
optimal cognitive and physical functioning, and low risk
of disease that enables older people to participate within
their limitations and continue to be physically, cognitively,
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socially, and spiritually active [4]. Ensuring HA for the
population should be a priority in high-income countries
today, but also in low-income countries that foresee aging
of their population in the near future [5].

Worldwide, baby boomers are reaching the retirement
age while policies are levied to keep older adults active
in prolonging the working period (i.e., in Greece, France,
Denmark) [6-8]. This cohort and onward generations in
the “early old age” (defined by the WHO as people aged
50 years or above) [9] increasingly use information and
communication technologies (ICT) in their daily activ-
ities [10]. With the rapid development of ICTs, which
are getting more accessible and easier to use for these
older adults, there is a huge potential to develop e-
Health interventions targeting the growing population of
50 years and above. The WHO defines e-Health as the
electronic exchange of health-related data collected or
analyzed through electronic connectivity to improve the
efficiency and effectiveness of healthcare delivery [11].

The rise in chronic conditions, which intensify in the
last years of life, constitutes a contemporary challenge
for health and welfare systems as it has profound impli-
cations for the planning and delivery of health and social
care. A wide range of literature evidences that a longer
life expectancy increases chronic health conditions and
pressures the health system in terms of limited resources
[12, 13] and public and private spending [14, 15]. Vari-
ous studies associate steadily spending growth to med-
ical payment schemes [16] or merely to old age with
comorbidities [15]. Nevertheless, the World Health
Organization (WHO) Brasilia Declaration on Ageing in
1996 stated that “healthy older persons are a resource
for their families, their communities and the economy”
[17]. In view of these challenges and opportunities, fol-
lowing the United Nations members’ meeting on Aging
in Madrid in 2002, the WHO has proposed an active
aging policy framework [18] and an age-friendly pro-
gram plan in 2007 [9].

Among the interventions dedicated to maintain and
improve older adults’ active lifestyles and health, those
incorporating e-Health receive increasing attention be-
cause of their potential to support empowerment and
the recognition of their central role in today’s society
[19]. There are many examples of successful e-Health
applications for health care and health promotion, such
as telemedicine, electronic health records, virtual inter-
ventions, and personal health monitoring. With respect
to HA, e-Health interventions offer older adults the op-
portunity to access health information and receive health
and social care at home. These interactive interventions
can empower, engage, and educate older adults [19].

In synthesizing the latest updates, Lattanzio et al. [20]
highlight three main domains of development related to
advances in technological innovation to support care: (1)

Page 2 of 15

disease management, (2) intelligent devices to improve
autonomous living and mobility in older persons, and
(3) specific needs for active aging. Among common e-
Health interventions in support of HA, some are
designed for virtual physical exercise [21, 22], and others
promote networking [23], an active lifestyle [24], or
independence [25]. Interestingly, recent studies contend
a high intention to adopt e-Health interventions among
older adults [26] and recognize these interventions to be
relevant, adapted, and safe to use by these older users
[27-30]. Furthermore, e-Health tools are designed to be
more portable and lighter [21, 22]. Other authors re-
ported that they offer independence and confidence [27].
Nevertheless, despite technological developments and
the multiplication of e-Health applications targeting
older adults, knowledge on their effectiveness for
supporting HA and its related outcomes has not been
synthesized. There is an imperative to determine how e-
Health can be used to improve old-age wellbeing.

Technologies that use ubiquitous computing and
personalized algorithms play an important role in motiv-
ating people to adopt and maintain healthy behaviors as
they age [31]. A systematic review of Web 2.0 interven-
tions for chronic disease self-management in older
adults found benefits on psychological outcomes as self-
efficacy and quality of life, as well as on health behaviors
(e.g., physical activity) [32]. Likewise, electronic games
could offer huge opportunities for involving older people
with cognitive and/or physical disabilities in activities
that may support them to participate actively in everyday
life [8]. A systematic review found some evidence re-
garding the effectiveness of exergames, digital gaming
systems requiring physical exertion to play the game
(e.g., Wii™ games), in improving physical health in older
persons [33]. Preschl et al.’s literature review of e-Health
interventions targeting depression, anxiety disorders,
and dementia in older adults found limited evidence of
their effectiveness from high-quality studies, but promis-
ing results from smaller studies [34].

To date, to the best of our knowledge, there does not
exist a systematic review that addresses the effectiveness
of a range of e-Health interventions for supporting HA
in all of its dimensions (e.g., physical, social, cognitive).
Previous reviews [32-34] provide a starting point for a
comprehensive systematic review that could map up
current scientific evidence on e-Health interventions for
HA.

Objectives

This systematic review intends to clarify the role of e-
Health interventions in promoting HA among older
adults. It targets two main objectives: (1) to identify and
systematically summarize the best available evidence on
the effectiveness of e-Health interventions on outcomes
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related to HA, as well as adverse effects related to these
interventions, and (2) to explore how specific e-Health
interventions (e.g., age-friendly, community interven-
tions) and their characteristics (e.g., mode of implemen-
tation) may be implemented to effectively impact HA.

Methods

This systematic review was conducted based on the
Cochrane Collaboration methods [35]. The review proto-
col was registered in PROSPERO (registration number:
CRD42016033163). We used the PRISMA checklist [36]
(see Supplementary file 1) to ensure reporting of all rele-
vant information related to the systematic review. We also
consulted the Synthesis Without Meta-analysis (SWiM)
guidelines [37] to guide the use of alternative synthesis
methods.

Types of participants

This review considered studies that include adults aged
50 or more (as 50 years is generally set as the beginning
of the young old age) [9], living in the community or in
institutional arrangement (e.g., nursing home). Exclusion
criteria were as follows: (1) people with terminal illness,
or (2) who are hospitalized, or (3) who have severe im-
paired cognition measured by specific tools such as the
Mini Mental State Examination [38].

Types of interventions

e-Health interventions for healthy aging could include the
following: Internet-based interventions, teleconsultations
with health care providers, smartphone applications, inter-
active digital games, electronic records, and information
systems. Types of interventions had to correspond to one
of the seven technology focus areas proposed by the
Center for Technology and Aging [39]. These areas are (1)
medication optimization, (2) remote patient monitoring
(RPM), (3) assistive technologies, (4) remote training and
supervision (RTS), (5) disease management (DM), (6) cog-
nitive fitness and assessment, and (7) social networking. e-
Health interventions could take place at home, in a com-
munity health center, or another relevant setting. The in-
terventions could be delivered individually or in groups
and could take place over one or more sessions of various
time frames. We excluded interventions that had an im-
portant face-to-face component; interventions that used
conventional telephone, television or radio technologies,
or technologies without an interactive component; and in-
terventions targeted at treatment or prevention of compli-
cations of health problems.

Types of comparisons

The following comparisons were targeted: (1) any e-
Health intervention versus usual service or practice (e.g.,
any service provided in the health care and/or social
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system, community, or individual initiative); (2) any e-
Health intervention compared to any other e-Health
intervention; (3) any e-Health intervention versus any
other type of intervention (e.g., intervention with no or
only minimal use of ICT); and (4) any e-Health interven-
tion versus no intervention.

Types of outcomes

This review considered studies that include one or more
of the following outcome measures as defined by the
“Outcomes of interest to the Cochrane consumers &
communication review group” [40]. Primary outcomes
related to HA included the following broad categories:
(1) quality of life, including life satisfaction, wellbeing,
activities of daily living, and leisure activities; (2) health-
enhancing lifestyle, including physical activity, healthy
diet, and alcohol and tobacco consumption; (3) motiv-
ation, including self-efficacy and self-esteem; and (4)
social functioning.

Secondary outcomes included (1) knowledge, under-
standing, and skills acquisition; (2) decision-making in-
cluding decision made and satisfaction with decision; (3)
evaluation of care including goal attainment; (4) social
support; and (5) any other behavior related to HA. This
study also considered adverse effects related to e-Health
interventions in the targeted population. Adverse effects
could include social isolation, anxiety, and burden on in-
formal caregivers.

Types of studies
We considered any experimental study design, including
randomized controlled trials, non-randomized controlled
trials, and quasi-experimental, before and after studies
for inclusion.

Studies published from January 1, 2000, up to April
2018 in English, Dutch, French, or Spanish (languages
spoken by team members) were considered for inclusion.

Search strategy

The search strategy included both published and unpub-
lished studies through a three-step search strategy. An
initial exploratory search in Medline and CINAHL was
undertaken, as a test, to capture titles and abstracts, with
the search equation that comprises common keywords,
MeSH term—adapted to each database—and free
vocabulary. Then, the results were analyzed to validate
and built the final equation. Over this process, an infor-
mation specialist of the Université Laval (MCL) validated
the entire strategy. Finally, the validated search strategy
was performed in the following databases: Ovid-
Medline®, CINHAL, Cochrane Library, Embase, ERIC,
Web of Science, PsycINFO, and Social Work Abstracts
(see Supplementary file 2). The search for unpublished
studies included clinical trial registers, conference
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proceedings, and an Internet search on Google and
Google Scholar. Thanks to the reference manager End-
note, the research output of references was electronically
rid of duplicates. Residual duplicates were manually re-
moved. Finally, the reference list of all identified reports
and articles was screened for additional studies.

Study selection and data extraction

All references were imported in the Rayyan reference
screening system [41], and two team members (IB and
PVL) independently screened all titles and abstracts for
potential inclusion. Their results were combined, and a
third reviewer (MPQG) solved discrepancies. Thereafter,
IB and PVL independently reviewed the full texts of
preselected publications for inclusion. RB and MPG
checked the list of included and excluded publications
and solved discrepancies. IB and PVL performed data
extraction independently, using a data extraction form
in Excel, which documented details about the study ob-
jectives, used interventions, participants, study methods,
and outcomes of significance to the review question and
specific objectives. The results were compared and com-
pleted by RB and MPG.

Quality appraisal

Because all the selected studies were based on experi-
mental designs, we employed the Cochrane Risk of Bias
(ROB) tool for the assessment of possible methodo-
logical bias [35]. The reviewers independently rated the
quality of each study as either “low,” “unclear,” or “high
risk of bias.” They took into consideration the seven do-
mains of the ROB tool:

1) Sequence generation: describes the random
components in the sequence generation of the
study participants;

2) Allocation concealment: indicates how foreseeable
the allocation of participants has proven to be;

3) Blinding of participants: assesses the measures
employed to blind the study participants and
personnel from knowing the intervention a
participant would receive;

4) Blinding of outcome assessment: assesses whether
the outcome assessors were blinded from knowing
the intervention a participant would receive;

5) Incomplete outcome data: assesses whether the
study participants withdrew from the analysis;

6) Selective outcome reporting: assesses a possible
selection in expected or pre-specified outcomes,
deriving from a systematic difference between
reported and nonreported findings, based on the
existence of a trial protocol and whether the
expected outcomes have been reported in a
pre-specified way.
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7) Other sources of bias: includes the sample size and
the power calculations of the trial that are based on
the reported outcome or confounding.

Data analysis and synthesis

As the populations, interventions, and outcomes de-
scribed in the included studies were heterogeneous, we
were unable to pool quantitative data and conduct a
meta-analysis. Therefore, we followed the guidelines re-
garding alternative forms for combining results [37].

Results

Figure 1 shows the study selection flow diagram. The
initial search led to 7039 potentially relevant citations.
After screening titles and abstracts, 60 publications were
kept for further assessment, of which 10 articles were fi-
nally retained for the review [24, 42-50]. An updated
search ran in May 2018 resulted in the inclusion of three
additional peer-review publications [51-53] and one the-
sis [54].

In total, 21 peer-review articles and one thesis—
stemmed from 14 studies—were finally retained. The list
of excluded publications and reasons for exclusion is
provided in Appendix (Supplementary file 3).

The characteristics of the 14 included studies are pre-
sented in Table 1. Five studies were conducted in the USA
[24, 43-45, 54], one in Japan [52], and the remaining eight
in Europe [42, 46-51]. Among European studies, three
were conducted in the Netherlands [48, 49, 51], two in the
UK [47, 53], and one in three countries (Greece, Spain,
and Sweden) [42]. Furthermore, three studies presented
different parts of their results in distinct publications: (i)
Wijsman et al. [51, 62, 63], (ii) van het Reve et al. [50, 60,
61], and (iii) Peels et al. [48, 55-57].

When appraising the quality of the retained studies,
we first noted that great variation existed with regard to
sample size with a minimum of 14 and a maximum of
1729 participants. Seven studies had small samples (n <
100)—for a total number of 3645 participants aged be-
tween 50 and 88 years old. Also, in the majority of stud-
ies, the samples comprised more women than men.
Second, as shown in Fig. 2, the risk of bias was moderate
to high across the studies, but the source of bias varied.
The blinding (participants, personnel, or outcomes as-
sessor) bias was present at a high risk or unclear in most
studies. Sequence generation and allocation concealment
were variable among the studies, which means that the
potential selection biases were foreseeable in half of the
studies. Finally, potential risk of bias related to incom-
plete outcome data and selective outcome was low in a
large majority of studies, meaning that there was a low
risk of reporting bias. We also noted the use of a wide
range of validated questionnaires (such as quality of life:
RAND 36; physical and psychological well-being: SF-36;



Buyl et al. Systematic Reviews (2020) 9:128

Page 5 of 15

Social Work Abstract (n = 20) |
= Web of Science (n = 1025)
% Recgr({s 'inentified ’f]hrough Ovid-Medline® (n = 5506)
Ry atabase searching =
£ Initial search: 2000-2015 (n = 7039) CINAHL (n =1299) |
_E Update search: 2016-2018 (n = 5956) Cohrane (n = 1837)
Embase (n = 3300)
ERIC(n=8) |
{ "Exciuded "} ( Duplicates }
(e > (n=1482) |
£ [ Sl o
2 Unrelated to the review
3 topic or outcomes
(n = 11443)
g Full-text articles assessed
'-qu Initial search: (n = 60)
= Up-to-date search: (n = 10) Not eHealth focus (n = 22)
Not on healthy aging (n = 3)
Inappropriate design (n = 16)
Not older adults(n=7)
Disease focus (n = 4)
Skill development focus (n = 1)
§ Studies included in the review Descriptive study (n = 2)
2 (n = 22)[from 14 studies]
[=
Fig. 1 PRISMA flow diagram illustrating the search strategy
A\

wellbeing: SPF-IL scale) and non-validated rating scales
(such as behavioral change self-assessment, IT literacy,
engagement in activity) to assess the impact of the
interventions.

Focus area of the technology
All the included study interventions were primarily
Internet-based. These interventions were often compared
with either paper-based interventions, interventions with a
videophone component, mixed intervention, tailored or
not. The technology devices that were part of the interven-
tions consisted mainly of computers, tablets, or mobile
phones. In reference to the Center for Technology and
Aging classification [39], three areas are represented in this
systematic review: remote patient monitoring, remote
training and supervision, and social networking. One study
consisted of an educational program with telemonitoring
of step count, blood pressure, and body weight [52]. Most
studies aimed to detect, train, and supervise patient
remotely. One intervention was personalized with partici-
pants’ information provided during the use of the web-
based intervention [53], other interventions included infor-
mation provision to increase daily physical activity [50, 51],
or through a Web site with a tailored advice to undertake
strength and balance training [47]. Finally, two studies eval-
uated social networking: one focused on Facebook and the
use of an online diary [54], the second on an ICT-mediated
social network [42].

As for the remaining studies, Cook et al. [24] focused
more widely on health promotion goals (diet, physical

activity, stress, tobacco use), whereas Slegers et al. [49]
and van het Reve et al. [50] focused on computer
training and Internet usage. Lastly, Homma et al. [52]
focused on information technology literacy.

With respect to the outcomes, the majority of in-
cluded studies (11/14) focused on physical activity (PA)
[24, 43-48, 50-53] with some focusing on the effect of
physical activity on metabolic health and quality of life
[51, 52] and another covering increasing healthy behav-
ior [24]. The three other e-Health interventions tar-
geted multiple dimensions including cognitive function,
wellbeing, social engagement or connections, quality of
life, or lifestyle modification [42, 49, 54].

Effects of e-Health on healthy behavior outcomes

The most often reported outcome in the included stud-
ies was physical activity (PA). Peels et al, comparing
paper-based and web-based intervention on PA, con-
cluded that the former was effective in increasing weekly
days of sufficient PA (p = 0.005) at baseline and 6
months later (p = 0.042) [48]. In a similar vein, Irvine
et al. showed that a web-based intervention to promote
PA improved 13 of the 14 outcome measures and the
intervention group maintained large gains on all 14 out-
comes measured at 6 months [43]. In the Mouton 2015
study, a mixed intervention (center- and web-based
intervention) led to improvement in PA level (p =
0.041), readiness for PA (p = 0.001), and improved
awareness of PA (p = 0.003) [46]. In a trial using text
messaging, Kim and Glanz contended that motivational



Page 6 of 15

128

(2020) 9

Buyl et al. Systematic Reviews

(1000 > d) $§99M 9 1e 2100
0317 119ys paseanu; sdnolb yrog
(500 > d) 21005 DAL

se ||om se ‘(S0 > d '86€ "SA 6/9)

[88°0-€90 -1 10 D) 'SA sda1s panoidul D)

‘SYIUOW 9
J13)Je $2INSEIW SSWODINO 4|

||le uo sujeb able| pauleuew o)

EEIHE

[L50-500] 820 3W02INO 1 JO €1 U0 paroiduil |
(L00 > d) %L'L6 'SA%LTL)

91A15941| pUB UORIPUOD Yyjeay U}
Juawanoidwl Jaybiy paadiad o)
NG ‘Ulwingle 2 yqH ‘inssaid
poo|q se yans sia1aweled [edjup
150w Ul Apuedyiubis paroidull o
(100 > d) sajh1say)|

pue ‘(zo0'0 d) 381p ‘(000 d) Vd

1o} abueyd [eloineyaq paroidwi o)
(910 = d) dnoib usamiaq

(100 > d)

YTEL SA 6785 DI (100 > d)

7665 "SA 9105 DD Aep Jad dais
[0£°0-870 =] 120 abesane panoidwi D pue o) yiog
(100 d) sp1199

Buibe pue ‘(€00 d) butuueid
95219Xd (€00 d) Aoed1a-)|as
951219%3 ‘(€0°0 d) seonoeud

BuNea Uo $109}9 PAMOYS D)) SA D)
(100 d)

375 3SIDIaXd PlIw pue ‘(€00 d) bunes

109)J9 d1endjed Ayyeay bujuueld ‘(800 d) abueyd
01 3|qIssod 10N 191p U0 Jansq pawuopad o)

Aj@Anoadsal 1s93-150d pue -aid 1e
‘(7L aS) 00l pue (¢6'L As) 768
uolsuaWlip aAdaYe paroidwl o)

1s91150d 18 (SO0 > d)

vd Uo eiep oN UOISUSWIP dAIYe panoidul o)

(O317) 241eUUONSIND
ENBIENE]

dun ‘aunsia

EZE

AUNIDD paniadiad
1unod daig

Anande edisAyd

A9MINS yyeay 7 1-4S
a1 Jo Anjend
Xapuj ssbw Apog
Anande [edisAyq

311534l panoudwi
pup UoRIPUOd
Y3pay paniadiad
(utwngye

‘ainssald pooiq
IWg Wybram Apoq)
sia1owpIod [pIIUID
(1910 pue vd)
JUBWISSISSE-J|DS
abueyd |eloineyaq
‘AnAnde [esisAyq

bubp 1noqp sja1j29
‘buiuupid asiiaxa
‘saoopid bunpy
foedyya-yas
ELBIE) €

pliw ‘ebueyd 331q

(31835 I-4dS)
Buraqem

puibessaw

1X3) INOYUM DD
puibessaw

1X3) pue [enuew
[euonoNIISUl bupyiem
‘J91owopad o)
Bupiem a1eAnow

01 buibessaw 1xa |

21Isgam
0} $S9228 OU D))
uonRuUAIRIUI
paseq-gam )|
Auanoe

|ea1sAyd a3owoud
0} UORUBAIRIUI
paseq-gam

sdnoib yioq

Ul pa1dNPUOd Yieay
Jo Bunojuows|a |
(uonesiunwuwod
pa1und)

dnoib 1uswndop 9>
(Smalniaul
9AIORIRIUN dnoib
auoydoapin D)

SIpeM 53

welboid elpawinnui
paseq-gam o
(duepinb

pue uoneuwoUl)
weiboid ejpawninu
poseq-gam

weay
42Ie3sal 3yl Yum
99402 pue 1eyd ‘o)
SINDV Ol

SINOV oMU
[eI20S pa1eIpaW-1))|

S04 29 (€2 as)
€69 |D 2be ueapy
o =u
Alunwuwod
UeDLIWY-UBD LY

19/6C1 DD

'1S//T1 DI 9w /slews
(6% as) €09 abe ueapy
89¢ = U

AJunuwwod 19n0

pue sieak GG USWOM
pue usw A1eyuspas

LL/¢Z 93

‘€1/2C Ol ‘3lew/s|ewia
/909

‘1’59 )| :9be uea|y

89 =u

AD eleyuny

JO S1UISIP oM |

68/0S 5D

'86/0% Ol ‘9Jew/s|ewia
89 01 05 abues aby
8/t=U

13p|o pue

s1e3A G pabe SIIoM

G/LL 9D

6/91 DI FeW/aeWoS
G/ abe ueaw

D9 v/ 9be ueaw ;o
G8-69 abues by

Iy =u

929310 pue ‘Uapams
‘uleds Ul saRIUNWILWOD

VSN

S499M 9 ‘| DY [Fir] €10 Wy
vsn

REC Y4B [€¥] €10T 2un|
Syuow ¢ ueder
‘104 10]ld [¢S] 910C ewwoH

vsn

SYIUOW € ‘| DY [72] G10OT %00D

929219
‘Uspamg ‘uleds

syuow 7| ‘1Y [e¥] ¥10T so9saljeg

IENE]]
95USPUOD
%56] (Vd)
Auanoe [edisAyd

10} 8715 129)43 sbuipuly Aoy

(awo23no Aippuoas
‘Swod1no Atewd)
$2INSeaW SWO0dINO

(9D) dnoib |oiuod
G))

dnoib uonusai1U|
UORUSAIRIUI

ay) jo uondidsag

Slew/a(eua

(s1eak) aby

)

syuedpined Jo JaquinN
Humss pue uoneindod

UOUSAISIUI suonedlgnd palejoy
31 JO uoneInp Anunod
'ubisap Apnig ar Apnms

SIPNIS PapN|dUl JO sdsIaIdRIRY)) | el



Page 7 of 15

128

(2020) 9

Buyl et al. Systematic Reviews

[¥C0-+00 1 010

V/d UO elep oN

Vd Uo eiep oN

D 21e[Ndjed 0}
3|qejiene e1ep oN
900

az1s
103j)9 31e[NdJed
01 9|qIssod 10N

azs
10949 31e|Nd[ed
01 9|qIssod 10N

%C'86-£76 12ybiy Apuedyiubis
SeM UONUSAISIUI PaSeq-Gam
SA uonuaniaIul patuld [go-| o)

(L¥0°0 d) poob saniAnoe

pue (/100 d) JURAS|2J SEM SDIAPE
1ey1 paiedipul syuedpiued o)
'1gS plemol sspnime

Ul S9DUIYIP JuedLIUbIS ON

(01'0 > d) panoidwiy

Apybis yoen dasy (100 > d)
duldseq 'sA ¢ awin 1e pasoiduwil
yse1 Alowaw ‘9bpajmouy 19|

(1000 d)

Aujedpiunw Uy ssunuoddo

Vd JO ssaualeme pue (€000 d)

Vd JO ssaualeme uo panoidull €9)
(1000 d) Vd 104 ssaulpeas

"(1y0'0 d) 193] Yd Ul panoiduul €9

'P21D21BP DIOM SIDURIBYIP
JuedyIUbIs OU puUe SAWODINO
panoidwl ©) pue of yiog

(%25 "Sh %.8) S|eob

sda1s 1aUl pue (%801 SA %C8L)
sdais paseainul 9 'SA 9

‘leob

da1s-000'0L Y} Payeas 5 pue o

Jo Bulpueisispun
‘uonedaidde)
S3WODINO $S22014

(Slgdv) ajp2s
UOUaAIRIUI PRIDJRI
-SJjpj 01 sapnImYy

Yopi) daay ‘Klowaw
13133] ‘abpajmouy

(Aujedpiunw u
sa1unuoddo) v Jo
SSaURIDMD '(|eIauab)

Vd JO SSauaIbMD

Vd 10} Ssauippay
[9n9] (Vd)
Anande esisAyq

(@2ualaype gN)
191p ueaueLRPaY
‘Ayande [esisAyq

Anande esisAyq

Auanoe eaisAyd
palo|ie} PIseg-gam
10 paiuld

EINCENSIIENE R p}
3DIAPE palo|ie}
YHM aUsgam 9
(19S) buiuten
90uelRq pUR
yibusis axeuspun
01 92IApe PRI0|IeY
YUM 31T

1sijem 15
Kielp aujjuo :zo|
%00qedeS D]
a1eaud 1dsy 1o
SIDUYI0 YIM paleys
Buibbo|g-0IIN

UONUSAISIUI OU ‘D)
UOIIUSAIUI
(paseq-gem pue
-191U32) PaXIW D)
UOIUSAISIUI
Paseg-121ud 70|
UOIIUSAIDIUI
poseq-gem -1 5|
uonuandUl (Yd)
Auanoe eaisAyd
pauIqUIO IO Paseq
-191U3 'PISeg-gaM

YijesH

JO Juawedaqg

MM @USgam sadloyd
SHN 9sn 5>

dv3t ol

(dy37) uonusAIzIUl
poseq-gam

S90UaNbasuod
Aieyauowl ou 15>
s9dUaNbasU0d
Aipyauow o)
synpe A1ejuspas
ul Auapoe eaisAyd
95e3.10U] 0} (S20|q
Kep-G dAISS9IINS)
UOnUAIRIUI
paseq-1auIau|

79 obe ueapy

6C/L =U
siaquisW Ayunwwod

GLL//8L orW/srWweS
(L02 QS)

1470/ 9be ueapy

e =u
uoiduweyinos

Ul Aunwiuiod

€/LL 9D 'v/6 Ol

'G/6 LO| =[ew/slews
6/ 2be ueapy

Iy =u

eUOZIY Ul S9IUNWILIOD
ATENTEINEY

wioJ} SUoyod ¢

SL/€T DD

‘€L/ST €91 '€L/LT TOI
‘€1/0T 19| 9[puI/3[ew4
G9 abe ueapy

y0C = U

wnibjag

ul Aljedpiunw auQ

9/61 9D

'TL/8E DI Blewl/slewisy
(v @S) 19 abe uespy
SL=Uu

puejbug

1Se3YLION Ul S90B|AMIOAN

/G 9D

'1/G Ol ‘Slew/sews
G'Go obe uespy

cL=u

epLO|4 Ul $IeaK 0S Jan0
SIdqUIBW AYUNWWOD

1eak | ‘swle g
‘1 DY-121snD

palyads
uoleinp
ou 1Dy

S EEIYS]
‘suue € 1Dy

swe 4 10y

oM 8 10y

Syuow ¢
‘(e
[p3||0u0D)
|eauBWILIRAX
1senD

:suonedlignd pale|py
SpuelayIaN
[87] BELOT S]°ad

N
[/¥] 6007 UBWAN

vSn
€107 21YAN

wniblag
[9%] GLOC uonow

AN
[l 9l0C ele

vsn
[S¥] €10 1INy

IENE]]
9OUSPLUOD
%56] (Vd)
Auanoe [eaisAyd
10} 3715 10343

sbuipuly Asy|

(awo23no Aippuoas
'Swod1no Atewd)
S24Nseaw aWodINO

(9D) dnoib joiuod
G))

dnoib uonusai1U|
UopRUSAIRIUI

ay3 Jo uondudsag

CIEIVEIIVER

(s1eak) aby

)

syuedpiued Jo JaquinN
Humss pue uonejndod

UoIUIAIUI
2y} Jo uoneinp
‘ubisap Apnis

suonedlgnd palejoy
AIunoD
ai Apnis

(PanuUOD) SIIPNIS PIPN|PUL JO SDIISHIRIRYD | djqel



Page 8 of 15

128

(2020) 9

Buyl et al. Systematic Reviews

 dnoub uonuaniaul $of ‘€ dnoib uonuaniRul £of ‘z dnoib uonuaaiRul zoj ‘L dnoub uonuaaRul (9] ‘dnoib j01u0d D)

[68°0-1€0] 850

(100 > d) abueyd

Uieay pue (€00 > d) Yieay
[EIUSW pUE [EUOIIOWS paroidull D)
(1000 > d) VdAW pue ‘(1000 > d)
DYQH puUe uljnsul ‘edualajundiD
151em 1ybiam ‘vd panoidwi D

(9€-ANWY)

3j1] jo Aujend
sianawipiod dljoqIdpY
(VdAW)

Auande eaisAyd
SN0JOBIA-01-21RI9POIN
Auanoe [edisAyd

(I-534) [euoneussiuy
9|eds Aoediya |je4

UONUBAISIUI OU D))
9JmdauQ sdijiyd |
3jmoaug

sdijiyd :uonusAIUl
Auanoe [eaisAyd
paseq-1aulalul

£9/6% 9D
|ew/a(eua
(8T as)
6%9 9D '(0°€ As)

/9 | :2be ueapy
0/-09 obuel aby
Sec=u

uspIa Ul Aunwwod

‘TL/Ly O

£/01 9D '7/0L 79I
'S/ LDI Bew/aleway

[€9] 910C uszinwpia0ig
¢9] ¥10z 9B30IA
:suonedlignd pale|ay
SpueayIaN

sypuow € ‘| Y [5G €10T uews(im

fooiya jjp4 (9 @s)
00 d) 7Ol 191D pue D9 (8dds) dnoib ainyooiq D9 G/ (s1eak) abe ueapy
U99M19] |-S34 40§ Sdualaylp dnoio A1a11eq 2dUeUIIOMRd 19|ge1 yum dnoib Py =u
1593-1s0d pue -aid [edisAyd 1oys [enpiaipul 7D sIoluds [19 ‘09] £10T BIIRAIS
uaMIaq (200 d) uswanoidu >uewopad 19|9B1 YHm 10} 21e5 BuISINU Swoy :suonedlignd paleay
gddS pamoys Jo ‘7ol ‘19| |ea1sAyd dnoib [epos ;19| Buipiroid uoneziuebio SYoRM 7| puelIZIIMG
‘Bupjjem 3sey [enp pue ajbuls uj (Bupjem sei-lenp) 9115941 TaAIDY | pue ajdoad ‘lely Alojesojdxa [0s]
Vd UO eiep oN Apueoyiubis panoidwi zo| pue |9 aoupwIopad 1IpD Yum 19|qe1 v 19p|0 oy suonnasul ¢ |eo1ulRRId 107 9A9Y 1Y UBA
(lo;auod aAissed)
pa1$2123Ul 10U 7DD
UONUIAIUI
ou ‘buiules) ou 1|5
UOoRUIAIIUI
YIOMJaU [DIDOS puUe ou ‘Buiuten iz o| ; 9ew/alewa
‘sBulyl mau bujules| Buiaqg-j|am |enos uonuUaAIRIU| S/-9 abue) aby
UO 3w} aJow Juads syuedpiped o) (9€-45) Bureqg-jlam pue bujulesy :| o) ocz =u syuow 7|
Juedylubis |es16ojoydAsd abesn 1aulaiu| pue wdLIseR ‘SWe {7 puelayIaN
[€90-¥1'0 ] ¥C0 10U 2J9M SSUI0DINO 1SON pue |edisAyd Buiures Jaandwod Ul Aunwiuiod 104 A Sea [6¥7] 800C S1ob3ls
9DIAPE ON DD
uopewlioyul
|EIUSUIUOIIAUD
YHM Paseq-gam 79|
diseq
paseq-gom €9
uonhewoul [6S]
(0L=1 jo 9yeds e uo [BIUSUIUOIIAUS UM Z51/851 9D '001/€6 arloc '[85] erl0T
L1'9-G0'G SA 169-90'9) p1eidaidde pataniPp-uLd 7o) YOIELL/LLL €DI 51994 [£S1 9€10C
19113 pue ‘PassndSIP 9%8'95-6'6€ dIseq pajuud ;| o) ‘TLL/vL 291 °LS/LTL s|9ad [95] Z10T S19d
pue 1dax 9%5'9/~1'0/ 'peai (uonewuojul uopuaAIIUl 19| olew/aewe 1551 #7102 uli91s|on
[lersa1ul (©D) dnoib jonuod Sleuwl/sleuda
90U3PRUOd (G))] (s1eak) aby
%56] (Vd) (pwodino Aibpuoas dnoib uonusaiul| (u) uonuaAIaUIl suonedlgnd palejoy
Auanoe [eaisAyd ‘'Swod1no Asewd) uonuaAIU| syuedpiued Jo JaquinN 9y1 Jo uopeinp AIunoD
104 9215 19343 sbuipuly Asy| S2INSeaW SWOINO ay3 Jo uondudsag Humas pue uonendod ‘ubisap Apnis ar Apnis

(PanuUOD) S3IPNIS PIPN|PUL JO SDIISHIRIRYD | djqel



Buyl et al. Systematic Reviews (2020) 9:128

Page 9 of 15
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Sequence Allocation
generation concealment participants assessors

Fig. 2 Risk of bias assessment (Other bias: a volunteer, b reporting, ¢ attrition)

Selective
outcome
reporting

Blinding of  Blinding of Incomplete Other

data bias

text messaging (3 times/week) increases step count (679
vs. 398, p < 0.05) as well as perceived activity level (p <
0.05) [44]. Using a tablet intervention, van het Reve et al.
[50] showed improvement in physical performance for
all groups (p 0.02) compared to the brochure group in
the single and dual-task walking (p = 0.03), as well as
the falls efficacy (p = 0.04) [50]. Likewise, an Internet-
based moderate-to-vigorous PA intervention of Wijsman
et al. [51] led to a significant improvement of weight and
waist circumference (p = 0.001). Finally, Homma et al.
[52] reported an improvement in steps per day for both
videophone intervention (interactive communication)
and document groups (p < 0.01).

In a trial testing the addition of a monetary incentive
to an Internet intervention, Kurti and Dallery concluded
a higher percentage of goals achieved (87%) in the group
that received the monetary motivation [45]. Neverthe-
less, some studies were unable to find any significant
difference in the PA outcomes targeted. For instance,
Lara et al’s pilot study showed weak and non-significant
differences between both groups for PA [53]. However,
we should not conclude in the absence of effect for this
intervention, as the study was not sufficiently powered.

Effects of e-Health on clinical parameter outcomes

The study by Wijsman et al. comparing Internet-based PA
intervention versus no intervention concluded to a signifi-
cant improvement in clinical parameters, including insulin
and HbAlc (p < 0.001); this is for moderate-to-vigorous
PA (p = 0.001) [51]. Likewise, Homma et al. found signifi-
cant improvements for blood pressure, HbAlc, and albu-
min when comparing the videophone intervention group
to the document group [52].

Effects of e-Health on psychological outcomes

Regarding the psychological outcomes, in the Nyman et al.
study [47], receiving a web-based tailored advice led to higher
ratings of the advice relevance (p = 0.017) and goodness of

fit of activities (p = 0.047). Besides, Wijsman et al. [51] dem-
onstrated that the Internet-based PA intervention improved
the emotional and mental health (p = 0.03) and health
change (p < 0.01) in their measure of quality of life. In the
Slegers et al. study, however, using computers and the Inter-
net did not influence quality of life, well-being, and mood,
nor the social network of healthy older individuals [49].

For their part, Ballesteros et al. found that an ICT-
mediated social network improved the affective dimen-
sion of wellbeing in their quality of life scale at post-test
(p < 0.05) [42]. Similarly, Myhre et al.’s Facebook inter-
vention improved knowledge (p < 0.01), as well as the
Letter Memory task (p < 0.01) [54].

Effects of e-Health on other outcomes

Cook et al. [24] showed that their web-based multimedia
program (information and guidance) had a significant
effect on diet behavioral change self-efficacy (p = 0.05),
planning healthy eating (p = 0.03), eating practices (p =
0.03), exercise self-efficacy (p = 0.03), exercise planning (p
= 0.03), and aging beliefs (p = 0.01). In the Peels et al.
study [48], the process outcomes showed that the printed
group significantly performed better in reading (92.7—
98.2%), keeping (70.1-76.5%), and discussing (39.9-56.8%)
the advices received. Furthermore, the printed interven-
tion was better appreciated than the web-based interven-
tion (scores 6.06—6.91 versus 5.05—6.11, respectively, on a
scale of 1-10) [48]. Moreover, Homma et al. [52] showed
a significant positive change in self-assessment of PA (p =
0.004), diet (p = 0.002), and lifestyles (p = 0.005). Partici-
pant satisfaction using IT-related devices was significantly
higher in the intervention (videophone) group than in the
control group (printed documents) (40% vs 15%).

Outcome synthesis and assessment of the certainty of the
evidence

Due to the important heterogeneity in the studies, it was
not possible to conduct a meta-analysis for the outcomes
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of interest. However, following the SWiM guidance [37],
we computed the effect estimates for PA as it was the
most frequent outcome reported in the studies. Figure 3
shows the effect size and corresponding 95% confidence
interval (CI) for the studies that documented the effect-
iveness of e-Health on PA. However, some of these stud-
ies did not provide sufficient information to calculate
the effect size [24, 53] or the CI [46, 50].

We assessed the certainty of the evidence based on the
GRADE approach [64] considering the within-trial risk
of bias, indirectness, heterogeneity, imprecision, and
other considerations (Table 2). As it was not possible to
pool the data for most outcomes, we considered the
evidence provided by the individual trials as a whole to
illustrate the level of evidence for each main category of
outcomes. For all outcomes, the certainty of evidence is
considered to be very low, mostly due to the risk of bias
in individual trials and the imprecision of the estimates
given the small sample sizes.

Discussion

The main objectives of this systematic review were to
summarize the best available evidence on the effective-
ness of e-Health interventions on HA and to explore
how specific e-Health interventions may be implemented
to effectively impact HA. To the best of our knowledge,
this systematic review is the first to consider the overall
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effect of e-Health interventions on several dimensions
related to healthy aging in older adults.

In this systematic review, we identified a broad variety
of interventions that focused on promoting PA and other
healthy behaviors, engaging in lifestyle change, and im-
proving physical, psychological, and social wellbeing,
which adds to existing literature [65—-69]. Overall, most of
the included studies were of moderate quality due either
to their small sample size, the multiple-component nature
of the interventions, their short duration, and the variable
quality of the study designs [35].

For healthy older adults, our findings show positive
effects of e-Health technology to promote healthy behav-
iors such as stimulating PA and awareness of PA, to en-
hance knowledge, and to facilitate behavior change and
enhance psychological wellbeing. The use of the Center
for Technology and Aging [39] classification system in our
work enables the comparison of competing technologies.
Furthermore, this classification used in telemedicine and
e-Health fields may also facilitate communication among
researchers, clinicians, and other users and target the spe-
cific technology’s contribution to the health and wellbeing
of older adults.

The provision of information was often at the core of
the e-Health interventions. Still, there is a need to con-
sider factors related to technology adoption by the older
persons, such as interest in learning information and IT
literacy [70]. In that line, Vaportzis et al. [71] warned

Cook 2014 no data availablelL calculate effect size
Homma 2016 =
Invine 2013 P S—
Kim 2013 -
Lara 2016 no data available to calculate effect size
Mouton 2015 B nodata availableto calculate CI
Peels 2013 / 2014 —&—
Slegers 2008 -
Van het Rewe 2014 B nodata availableto calculate Cl
Wijsman 2013 / Vroege 2014 PR ™ FA—
| | | |
-1,0 -0,5 0,0 0,5 1,0
Effect_size

Fig. 3 Summary of effect sizes and 95% confidence interval (Cl) for physical activity
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Table 2 Certainty of the evidence
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Outcome Number of Risk of  Inconsistency Indirectness Imprecision Other Certainty
studies bias considerations
Physical activity 11 Serious®  Not serious®  Serious® Serious’ Serious?
Very low
Healthy eating 2 Serious”  Serious® Serious® Serious' Serious?
Very low
Clinical parameters (body mass index, 5 Serious®  Serious* Serious? Serious' Serious?
HbAlc, cholesterol) Very low
Quiality of life 3 Serious®  Not serious®  Not Serious' Serious?
serious® Very low
Cognitive outcomes 2 Serious”  Serious® Serious® Serious’ Serious?
Very low
Psychological outcomes (wellbeing, depression, 4 Serious®  Serious® Serious® Serious’ Serious? 0000
loneliness) Very low
Social outcomes (social support, social 2 Serious®  Serious® Not Serious Serious?
functioning) serious Very low

“Most trials had unclear or high risk of bias in one or more domains, among which the lack of blinding of participants, rendering it necessary to downgrade the

level of evidence

PAlthough there was some variation in the direction of effect, we did not downgrade the level of evidence since most outcomes showed a positive trend of the

effectiveness of eHealth interventions

For these outcomes, there was important heterogeneity in the measures used across studies
9Most studies used surrogate outcome measures, among which self-reported measures of physical activity

“Quality of life was assessed directly using gold standard measures

fWhen confidence intervals were available, they were usually large. Also, most studies had modest sample sizes
9Given the limited number of included studies, we did not compute a funnel plot to check for publication bias, but it is likely that such bias is present given that

many studies have a modest sample size

about the following barriers related to IT adoption by
older people: lack of instructions and knowledge, health-
related barriers, cost, complexity of the technology, lack
of social interaction, and communication. Furthermore,
Hawley-Hague et al. [72] suggested to consider intrinsic
factors related to older adults’ attitudes around control,
independence and perceived need/requirements for
safety, and their motivation to use and go on using tech-
nologies. Several authors also identified some extrinsic
factors, including usability, feedback gained, and costs,
as important elements supporting older adults’ attitudes
and perceptions towards IT use [73, 74].

Other reviews have looked at the impact of ICT use by
older people either on physical [75, 76] or on social di-
mensions [77, 78]. With respect to physical dimensions,
the integrative review by Skjaeret et al. [75] found posi-
tive effects of exergaming on balance and gait and no
major adverse effects. However, the number of included
studies was low and most were of limited quality. Never-
theless, PA delivered through e-Health was found to im-
prove adherence to exercise [76].

Chen and Shultz [77] found that ICT use was posi-
tively affecting social support, social connectedness, and
social isolation among the elderly. However, the effect of
ICT on loneliness was inconclusive, with some studies
indicating a negative impact. Li et al. [78] reviewed the
impact of exergames for older adults on social aspects

and found generally positive impacts on loneliness, social
connection, and attitudes towards others.

Although the evidence from our synthesis suggests
that e-Health interventions are promising, we are still fa-
cing several challenges for large-scale implementation of
these solutions among older adults. First, there is still a
need to strengthen digital health literacy [79, 80]. It is im-
portant to recognize that a lack of competence or limitation
is often attributed to age-related cognitive decline [81, 82].
Critical competence is needed to effectively evaluate health
information [83, 84]. Second, several methodological chal-
lenges remain for the evaluation of e-Health intervention.
As e-Health interventions are at the intersection of biomed-
ical, behavioral, computing, and engineering research,
methods drawn from all these disciplines are required.
Experimental designs such as RCTs to evaluate e-Health
interventions are cost and time consuming, but remain
important for demonstrating their effectiveness and cost-ef-
fectiveness [11, 85]. Furthermore, Murray et al. recom-
mend to undertake RCT only after ensuring that the
intervention and its delivery package are stable, the
intervention can be implemented with high fidelity, and
when there is a reasonable likelihood that the overall
benefits will be clinically meaningful [86]. Finally, the
question of access to Internet arises. The digital divide
[87] and the ongoing debate regarding the differences
between users and nonusers of online health



Buyl et al. Systematic Reviews (2020) 9:128

information among older adults [88], which could
reinforce existing social differences, should be
considered.

Although it provides a useful synthesis of the current
evidence regarding e-Health interventions targeting
healthy older adults, this review has some limitations.
First, we excluded publications published in languages
other than English, Dutch, Spanish, and French. This
may have limited the scope of our investigation, but we
consider that important international trials were cap-
tured by looking at the references of all included studies
and searching manually in specialized journals. Second,
an important limitation is related to our broad inclusion
criteria, which led to include interventions that are quite
heterogeneous. Our sample included participants from a
wide age range—50 years old and above—thus some in-
terventions might not be applicable to all age groups.
This has limited a straightforward comparison and hin-
dered a meta-analysis. However, the use of the Center
for Technology and Aging [39] classification helped us
to organize the results in a more coherent manner.
Based on the types of technologies used and the nature
of the interventions, it could be useful to promote a
more structured taxonomy to present e-Health interven-
tions in the literature, which could facilitate the identifi-
cation of relevant studies and the aggregation of their
results to inform decisions.

Finally, as the last search was conducted in April 2018,
it is possible that more recent trials were not included.
We conducted a rapid literature search in PubMed in
March 2020 looking for potentially relevant studies pub-
lished after the last update and identified one published
study [89] and six published protocols [90-95], which
indicates that several trials of e-Health interventions for
HA are currently ongoing. We thus recommend to up-
date this systematic review within the next 2years as
more evidence is likely to change the conclusions of the
present systematic review.

Conclusion

This systematic review contributes to the evidence-
base regarding the effectiveness of e-Health interven-
tions in supporting HA. From our perspective, the
critical question is how to best shape and direct our
efforts to optimize the development and application
of these technologies considering older adults’ digital
health literacy. As it is an emerging field, the evi-
dence base on e-Health interventions for promoting
HA is subject to quick evolution. The pace of tech-
nology development is rapid, and the technology
could become obsolete at the time the results appear.
Thus, innovative evaluation methods are needed to
produce high-quality evidence in an appropriate
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timeframe in order to inform decisions regarding the
implementation of effective technologies for HA.
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